Introduction
The experimental determination of the digestible or metabolizable energy content of dog foods is expensive and time-consuming. The NRC (1985) proposes the estimation of the metabolizable energy content of dog foods from their proximate analysis using the Atwater approach, assuming constant apparent digestibility coefficients from each analytical fraction.
Another more recent approach is to estimate the digestible energy content as the product of the gross energy content by the digestibility coefficient estimated from crude fibre or other indigestible carbohydrate fractions of foods (Kienzle et al., 1998; Castrillo et al., 2001) . Near-infrared reflectance
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Near-infrared reflectance spectroscopy (NIRS) was used to predict the chemical composition, apparent digestibility and digestible nutrients and energy content of commercial extruded compound foods for dogs. Fiftysix foods of known chemical composition and in vivo apparent digestibility were analysed overall and 51 foods were used to predict gross energy digestibility and digestible energy content. Modified partial least square calibration models were developed for organic matter (OM), crude protein (CP), ether extract (EE), crude fibre (CF), nitrogen free extracts (NFE) and gross energy (GE) content, the apparent digestibility (OMD, CPD, EED, NFED and GED) and the digestible nutrient and energy content (DOM, DCP, DEE, DNFE and DE) of foods. The calibration equations obtained were evaluated by the standard error and the determination coefficient of cross-validation. The cross-validation coefficients of determination (R 2 cv ) were 0.61, 0.99, 0.91, 0.96, 0.94 and 0.92 for OM, CP, EE, CF, NFE and GE, the corresponding standard error of cross-validation (SECV) being 5. 80, 3.51, 13.35, 3.64 and 16 .95 g/kg dry matter (DM) and 0.29 MJ/kg DM respectively. The prediction of apparent digestibility was slightly less accurate, but NIRS prediction of digestible nutrient (g/kg DM) and DE (MJ/kg DM) gave satisfactory results, with high R 2 cv (0.93, 0.97, 0.93, 0.83 and 0.93 for DOM, DCP, DEE, DNFE and DE respectively) and relatively low SECV (11.55, 6.85, 12.14 and 22 .98 g/kg DM and 0.47 MJ/kg DM). It is concluded that the precision of NIRS in predicting the energy value of compound extruded foods for dogs is similar or better than by proximate analysis, as well as being faster and more accurate. spectroscopy (NIRS) has become one of the most powerful tools for rapid and non-destructible estimation of chemical composition and nutritive evaluation of feeds and mixed diets (Givens and Deaville, 1999) for ruminants (De Boever et al., 1995; Aufrè re et al., 1996; De Boever et al., 2003) , pigs and poultry (Aufrè re et al., 1996; Van Barneveld et al., 1999; Garnsworthy et al., 2000) as well as rabbits (Xiccato et al., 1999 (Xiccato et al., , 2003 . The limitation of this approach is the difficulty to obtain enough samples with in vivo data for a robust calibration and we are not aware of any studies that have used NIRS to predict the energy value of compound feed for dogs.
The aim of this work was to evaluate the potential of NIRS to predict the chemical composition, apparent digestibility and content of digestible nutrients and energy of commercial extruded compound foods for dogs.
Materials and methods
Fifty-six commercial extruded compound foods of known chemical composition and in vivo apparent digestibility were used, except for the prediction of the gross energy digestibility and the digestible energy content, in which case only 51 foods were used. Airdried samples milled through a 1-mm sieve were scanned twice in reflectance mode by a monochromator Foss NIRSystems 6500 (NIRSystems; Silver Spring, MD, USA) (every 2 nm from 1100 to 2500 nm). Spectra and reference data were recorded using the Infrasoft International (ISI) software nirs2 v2.4 (NIRSystems). The standard normal variate and detrend scatter correction procedure (Barnes et al., 1989) was applied to the raw log1/R data. Then the spectra were transformed using a mathematical firstorder derivation. Modified partial least square calibration models were developed for organic matter (OM), crude protein (CP), ether extract (EE), crude fibre (CF), nitrogen free extracts (NFE) and gross energy (GE) content, apparent digestibility coefficients (OMD, CPD, EED, NFED and GED), and digestible nutrient and energy content (DOM, DCP, DEE, DNFE and DE) of foods. The statistics used to develop and evaluate the equation included the standard error of calibration and standard error of cross-validation (SECV), the coefficient of determination for the calibration (R 2 c ) and for the cross-validation (R 2 cv ) and the RER and RPD values. The RER value is defined as the ratio of the range in the reference data for the samples to the SECV. The RPD value is defined as the ratio of the standard deviation of the samples to the SECV (Williams and Sobering, 1996) .
The apparent digestibility of nutrients and energy was determined using six adult (2-6 years old) female Beagles of 12-15 kg live weight. Each trial consisted of a 10-day adaptation period followed by 7 days of total faeces collection. Dogs were kept in indoor-outdoor floor pens during the adaptation period and in metabolic crates (1.1 · 0.8 m 2 internal surface) during the collection period. Food was given at a fixed level of intake (350 g/day) which represented 1.2-1.8 times the energy requirements for maintenance (NRC, 1985) . Food refusals and faeces were collected daily and dried at 105°C for 24 and 48 h respectively. The ash, CP, EE (after acid hydrolysis) and CF (using the Fibertec system, Tecator 1020; Foss Tecator AB, Hö ganä , Sweden) of foods and faeces were analysed according to the AOAC (1990) methods and gross energy in an adiabatic calorimetric bomb (IKA.C-4000; Janke-Kunkel, Staufen, Germany).
Results and discussion
The chemical composition and gross energy content, apparent digestibility coefficients and digestible nutrients and energy content of compound foods are listed in Table 1 .
The statistics of NIRS calibration and cross-validation for the studied parameters are given in Table 2 . The number of samples used in the calibration equations may be less than the total number of samples available, because outliers, identified by the twotailed Student's t-test, were not used to develop the calibration equations. The chemical composition of foods extended over a broad range that covered most commercial compound extruded foods usually fed to healthy dogs. The coefficients of determination were above 0.9 for all chemical constituents and gross energy in both calibration and cross-validation, except for OM content (Table 2) , because of the small variation of this trait (CV ¼ 1.0%) and because minerals do not absorb near infrared wavelengths (Shenk and Westerhaus, 1994) . The standard errors associated with the cross-validation equations for CP, CF, EE, NFE and GE were also relatively low, especially for CP and GE (the coefficients of variation were 1.3%, 16.1%, 8.6%, 3.6% and 1.3% respectively). The RER and RPD ratios found in cross-validation equations for the chemical constituents and gross energy content were larger than the recommended minimum values (3 and 10 respectively; Williams and Sobering, 1996) . Variation in GE in compound foods is mainly determined by fat and protein content, which were well predicted by NIRS as found in rabbits (Xiccato et al., 2003) or swine (Aufrè re et al., 1996) . The SECV for GE [0.29 MJ/kg dry matter (DM)] was in the range of those found by Xiccato et al. (1999 Xiccato et al. ( , 2003 in rabbits (0.37 and 0.25 MJ/kg DM respectively) or Aufrè re et al. (1996) for swine (0.25 MJ/kg DM), even if the mean GE content of compound feeds used by these authors (18.3 and 18.4 MJ/kg DM respectively) was lower than in the present work (21.7 MJ/kg DM). Figures 1 and 2 show that GE prediction by NIRS (R 2 ¼ 0.92, SE ¼ 0.29 MJ/kg DM) was better than that obtained when GE was calculated from the CP, EE and carbohydrate (NFE + CF) contents of foods multiplied by its assumed gross energy content (23.6, 39.3 and 17.4 MJ/kg respectively) as proposed by the NRC (1985), (R 2 ¼ 0.853, SE ¼ 0.40 MJ/kg DM). The calibration and cross-validation determination coefficients for the apparent digestibility were slightly lower than for the chemical constituents, although always above 0.80 (Table 2 ). The SECV associated with the GED prediction of studied compound foods (1.64%) was similar to that found by Xiccato et al. (1999 Xiccato et al. ( , 2003 for rabbit compound feeds (2.0% and 1.9%) and Aufrè re et al. (1996) for swine (1.7%) and cattle (2.1%) compound foods. The lower precision of digestibility estimations compared with chemical constituents and food gross energy is expected because digestibility depends on feed characteristics as well as animal response to feeding.
In any case, NIRS prediction of digestible nutrients and DE content of dog foods gave satisfactory results, with high R 2 and relatively low standard errors ( Table 2) . As with chemical composition, the RER and RPD ratios found in cross-validation equations for digestible nutrients and energy contents were higher than the minimum values recommended by Williams and Sobering (1996) Fig. 4) , or calculated by multiplying the measured gross energy of foods by their digestibility estimated from CF content using the equation DE (%) ¼ 94.0-4.04 CF (%) proposed by Castrillo et al. (2001) [R 2 ¼ 0.886, SE ¼ 0.60 MJ/kg DM, Fig. 5 ].
Conclusions
The precision of using NIRS to predict the energy value of compound extruded foods for dogs is similar or better than by proximate chemical analysis. The analysis is rapid and accurate, although the accuracy of the prediction could be improved by including more data covering the complete range of commercial foods.
